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@ Sustained release pharmacautical composition.

@ A sustained release pharmacautical pellet composition suitable for treating pain-associated conditions in
patients comprises a core eiement including at least one active ingredient of high solubility; and a core coating
for the core element which is partially soluble at a highly acidic pH to provide a siow rate of release of activ
ingredient 6.9 a morphine compound. and wherein the active ingredient is available for absorption at a reiatively
constant faster rate in the intesune over an axtended period of time, such that blood leveis of active ingredient
are maintained with the therapeutic range over an extended period of time. '

FiGurg | - Morphine Sulphate Formuiation
Orssotution Protile At pH 1.2 (Average Data For 3 Samples)
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SUSTAINED RELEASE PHARMACEUTICAL COMPOSITION

The present invention relates ‘o a sustained release pharmaceutical composition, in particular a
sustained release pharmaceutical composition «ncludlrg an active ingredient of hxgh solubility in water, and
to a method of preparing same.

As is known in the prior art, it is desirable in the treatment of a number of diseases, both lherapeuncally
and prophylactically to provide the active pharmaceutical ingredient in a sustained release form. Desirably
the sustained release provides a generally constant raté of release over an extended period. Whilst there is
known in the prior art numerous sustained release formulations, the extension of sustained release regimens
to active pharmaceutical ingredients of high solubility in water has been extremely limited. It has been found
in the prior art that the high solubility in water of the active ingredient tends to generate a product which is
susceptible to the phenomenon known as “dose dumping”. That is, releasa of the active ihgredient is
delayed for a time but once release begins the rate of release is very high. Moreover, fluctuations tend to
occur in the plasma concentrations of active ingredient which increases the likelihcod of toxicity. Further,
some degree of diurnal variation in plasma concentration of active ingredient has also been noted.

Prior art preparations may alsa-sutfer 'rom other disadvantages. for example bicavailability of prior art
preparations may bé compromisad by ‘ccd. This is important since complex dosage regimens may lead to
non-compliance.

For example, typical highty ~1'2r hible active incredients include ihe opioid drugs which still play a
major role in the treatment ¢f :..'= a3 [Feoeic pan, particularly pain associated with terminal diseases
such as cancer. .

Morphine is regarded as =2 ‘o-l cfrug 2f Choic2 in the treatment of cancer pain. It is universaily
acknowledged that the oral r= "2+ mer 3tguen is wreferred of sulficient pain relief can e obtained with
an acceptatie profile of sice’ 2r= ¢ ~°r cescect 0 incidence and severity. Until recently, the liquid or
immediate release tablet form--4t..:~¢ 3t maromine were he only dosage forms available to physicians for
oral administration in the treatr~ar* * “3~72r zair,

.The oral administiation of -=-::2~ ~2 ~as na many cntics n the priar art who point to a supposed lack
of efficacy. However, the ac7u~ .-ye 2.-ter22 oarticularly from the hospice environment, indicates that
this criticism is unfounded if *== - +a s~ :25inq :nterval are specifically optimised for each patient, the
morphing doses are admimsea-a: -3+ 2 -=a 2ain returns and in a strictly reqular regimen. In practical
terms, this means morchine 2--2< 1~ - ) mg 0 n excess ot 500 mg with dosing intervals ranging

from every 2 to 6 hours. A r= 13-~ - | -~ veen Slood morghine concentration and pain relief has teen
astablished in the treatment 3 . - © = « 23 <3ncer gain.
The studies propose that = - © mn zitecuive concentration (MEC) for morpmine for 2ach

patient. There is a five-fold interzaz a1 57 1~ .0 MEC in the vreatment of post-operative pain and an even
greater variation for cancer cam "~ ¢ “:incact ot 3 MEC for opioids has also been demonstrated for

pethidine, methadone, fentany! . : - © - - e Raoceatad aral or parenteral doses produce fluctuating
blood opioid concentrations, ~+n -+ .. Coanvranons scmetimes resulting in side eifects, whiie the
rough concentrations are usuaiy - ~ 3= w1 :nadequate pan relief. Therefore. a formulaticn of

marphine which reduces the tur.u i~z + -2 pedd ICncentrations and has a longer durauon of San

refief (e.g. a sustained release crecarmor: ~as ~zespread potential to improve pain retief in terminal care.

Currently, there is only one surn cranir e~ ST Continus or MS Contin) being marketed world-wid .
However, the combined pharmaczsiras: = 1 _rarmaccayramic data suggest that this product is actealy a
delayed release formulation aith --—~e - -2~a3 r2iRase charactenstics. While the manulacturers recoms-
mend a 12 hour Cosing inter.ai ~e'ar- .o wmed) ac@enenca suggests that an 8 hour interval 1s more
realistic for continuous pain contr .

Accordingly, it is an object st = -=cemt s Laeuon 10 Jvercome. or at least alleviate, one or more i th
Zifticulties related to the prior art .

Aczardingly, in 3 first @spant - cacset eaanin (hera s proviced a sustained release pharmaceuti-
=al oellet composition inctuding ' '

2 core element including at teast 2 - - < eacart 2 wgn solubibty and
& core coatng for the <ore element «r . T ytgily ::l.m- at a hignly acidic pH to provide a siow n.:e ot
-slegse of actve ingredient 3ng sr e 2 tue vjrecient 1§ available for absorpton at a relstvely
nsiant faster cate in the antagpras L e caennar maaed ot wma such that bineg tevaels 2t wnve
CLeraenant are mapnanes sothin e s e TV e e retaniie sancd of hme
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e.g. 10 to 24 hours or greater. By "active ingredient of high water solubility” as used hergin we mean
pharmaceutically active, oraily acceptable ingredients having an aqueous solubility of approximately 1 in 30
or above. '

By "bioavailability” as used herein we mean the extent to which the active drug ingredient is absorbed.
from the drug product and becoines availabl at the site of drug action.

The active ingredients of high solubility may be selected from antihistamines, antibiotics, antituber-
culosis agents, colinergic agents, .antimuscarinics, sympathomimetics, sympatholytic agents, autonomic
drugs, iron preparations. haemostatics. cardiac drugs. antihypertensive agents, vasodilators, non-steroidal
antiintlammatory agents, opiate agonists. anticonvulsants, tranquilisers, stimulants, barbiturates, sedativ s,
expectorants, antiemetics, gastrointestinal drugs, heavy metal antagonists, antithyroid agents, genitourinary
smooth muscle relaxants and vitamins. The invention is applicable to active ingredients of high solubility
whether the solubility characteristics are pH dependent or pH independent.

Examples of active ingredients of high solubility are set out in the table below.
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Antimuscarinics

Anisotregine methyibron

ida

"

DRUG SOLUBILITY ({AQUEQUS) pKA
Antihistamines ' ’

Azatadine maleate very soluble 9.3
Brompheniramine maleate 1 in 5 3.59, 9.12
Carbinoxamine maleate 1 in 1 8.1
Chlorpheniramine maleate 1in 4 9.2
Dexchlozpheniramine maleate 1'in 1.1

Diphenhydramine HC1 lin1 9.0
Doxylamine succinate lin1 5.8, 9.3
-Methdilazine HCl 1 in 2 7.5
Promethazine 1in 0.6 9.1
Trimeprazine Tartrate 1lin ¢ ’ )
Tripeiénnamine citrate 1 in 1 3.9, 9.0
Tripelennamine HCl 1lin1 -
Triprolidine HC1 1l in 2 3.6, 5.0
antibiotjcs

Penicillin V Potassiunm lin 1.5 0.5
Cloxacillin sodium 1l in 2.5 2.7
Dicloxacillin sodium freely soluble 2.7

Mafcillin Sodium freely soluble 2.7

Oxacillin Sodium 1 in 3.5 2.8
Carbenicillin Indanyl Sodium " freely soluble 2.§, 2.7, 3.3
Oxytetracycline HC! 1 in 2 ' 3.3, 7.3, .1
Tetracycline HCl 1 in 10 3.3, 7.7, 9.7
Clindamycin Phosphate 1l in 2.5 7.7
Clindamycin HC1 l in 2 7.7
Clindamycin Palmitate HCl freely soluble -

Lincomycin HClL lin 2 .6
Novobiocin Sodium 1 in s 4.2, 9.1
Nitrofurantoin Sodium soluble 7.2
Metronidazole hydrochloride 1l in 1 2.6
Antituberculosis agencs

Isoniazid : 1 in 8 1.8, 3.5, 10.8
Cholinergjc Agents

Ambenonium chloride 1l in 5

Bethanecol chloride l in 1

Neostigmine bromide 1 in 0.5 12.0
?y:idostigmine bromide l in 2
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Clidinium bromide
Dicyclomine HC1
Glycopyrrolace
Hexocyclium methylsulfate
Homatropine methylbromide
Hyoscyamine sulphate
Methantheline bromide
Hyoscine hydrobromide
Oxyphenonium bromide
Propantheline bromide
Tridihexethyl chloride
Sympathomimetics
Bitolterol Mesylate
Ephedrine

Ephedrine HCl

Ephedrine sulghace
Orciprenaline sulihate
Phenylpropanolamine

hydrocnloride

Pseudoephedrina hydzochloride

Ritodrine hydzochlor:de
Salbutamol sulghaze

Terbutaline sulchate

D olynig Azan<s
Phenoxybenzamine
hydrochlorize

Nicotine

"Iron Preparati=-ngi

Fecrxous gluconaze
Ferrous sulphate
Haemostatics

- Aminocaproic acid

Cardiac Drugs
Acebutolol HCL

Disopyramide phcscniza

Flecainide aceta:za

scluble

1 in 20

1 in 5

freely soluble
1 in 6 '
2 in 1

‘1 in S

1 in 3

freely soluble
very soluble

1 in 3

S I S
.-40 N
=}

w

in 2.5
in 1
in 10

in 4

o e

in ¢

1 in 25

soluble

i in 10
1 in 5

l in 1.5

freely soluble
1 in 29

I 2n 20

i In 0.35

ioia 29

W W v W
o e e s

» 10.1, 11.4

, 10.3
, 10.0, 11.0

4.43, 10.73

W fYed

0 O N W
. . .

w N W

&

~J

&



EP 0 377 518 A2

Quinidine Gluconate ' freely solubie 4.0, 8.6
Timolol maleate freely soluble 9
Tocainide hydrochloride freely socluble 7.8
Verapamil hydrochloride 1 in 20 4-6.5
Antihypertensjive Agents
Captopril ‘ .freely soluble 3.7, 9.8
Clonidine hydrochloride ' l‘in 13 : 8.2
Hydralazine hydrochloride - 1 in 25 7.3
Mecamylamine hydrochloride 1ins 11.2
Metoprolol tartrate very soluble 9.68
Vasodilators
Papaverine hydrochloride‘ 1l in 2 6.4
Non- téro'd Antii ammato ents
Choline salicylate ~ very soluble
Xagresium salicylace 1 in 13
Meclofenamate sodium. freely soluble 4.0
Naproxen sodium soluble 4.15
Tolmetin sodium freely soluble 3.5
Opiate Agonists )
Codeine HCL 1 in 30 8.2
‘Codeine phosphate 1 in 4 8.2
Codeine sulphate 1 in 30 8.2
Dextromoramide tar:rate 1 in 23 7.1
Hvdrocodcne bitartrate 1 in 10 8.3
Hydromorphone hydrcchioride 1l in 3 8.2
Pethidine hydrochlcride very soluble 8.7
Methadone>hydrochloridé "1 in 2 8.3
Morphine sulphata 1 in 21 8.0, 9.9
" Propoxyphene hydrochleride = 1 in 0.3
Anticonvulsantg
Phenobarbital sodium 1 in 3 7.41
" Phenytoin sodium soluble 8.3
Troxidone 1 in 13
Sthosuximide : 1 in 4.5 9.0
Valproate sodium ' 1l in S 4.8
Tranguilizers '
Acetcphenazine malsate 1 in i0
Chic:g:cmazine-hYd:::hi::;de 1 in 2.4 3.3
filughenazine hydrochloride 1l in 19 3.9, 8.1
frzzhlorgarazine edisy.aze Lin 2 3.7, 8.1
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Promazine hydéochloride
Thioridazine hydrochloride
Trifluoroperazine
'hydrochloride
Lithium citrate
Molindone hydrochloride
Thiothixine hydrochloride
Stimulants o »
Benzphetamine hydrochloride
Dextroamphetamine sulphate
Dextroamphetamine phosphate

. Diethylpropion hydrochloride

Fenfluramine hydrochloride

Methamphetamine hydrochloride

Methylphenidaze hydrcchlbride

Phendimetrazine tartrate

Phenmetrazine nydrochloride

Caffeine cizra-a

Barbiturase

Amylobarbitsne sodium

Butabarbi:a; szcium

Secobarbital s:dium

Sedativesg

Hydroxyzine hrir:zhloride

Methyprylon

Expectoranss

Potassium Icz2:ize

Antiemeticg _

Benzaquinami<e -y2rachloride

Metoclopramice =C1

Trimethobenzam:le
hydrochlcz::ze

GI _Drugs

Ranitidine hyz2rzsalsrcide

Heavy Metal Arssisn.seg

Penicillamina
Penicillamine =2.

Antithveoid 8 ~a-~-s

3
Yezhimazzsle

in 9

[

1 in 2

1l in 2

freely soluble
lin 8§ »

freely soluble
1 in 10

1 in 20

freely soluble
1 in 20

1 in 2

freely soluble
freely soluble
1 in 0.4

1l in 4

1l in 1
freely soluble

1 in 3

1 in 1l
1 in 14

1 in 0.7

8.
7.

8

8
6

.4

14

2.6, 7.0
12

~

=2}

10.8
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Genitourinary Smooth Muscle Relaxants

Flavoxate hydrochloride freely soluble
Oxybutynin hydrochloride freely soluble 6.96
vitamins

Thiamine hydrochloride .- 1 in 1 4.8, 9.0
Ascorbic acid 1 in 3 4.2,,11.5
Unclassified Agents
" Amantadine hydrochloride 1 in 2.5 10.4
Colchicine 1l in 20 1.7, 12.4
Etidronate disodium freely soluble
Leucovorin caltigm ' very soluble 3.1, 4.8

10.4

Hethylene blue 1 in 25 -1
Potassium chloride 1 in

Pralidoxime chloride 1 in 8

in the following description the active ingredient of high water solubility will be illustrated by reference
to the opicid drug, morphine However, trus is illustrative only and the invention is in N0 way restricted
thersto. Preferably, the active ingradient is an opiate selectad from the group consisting of the sal's of
codsine, dextromoramide. hydrocaedone, hydromorphme pethidine, methadone, morphine and propox-
yphene.

Morphine acts as an agonist cnmanly at mu, kappa and perhaps delta receptors in the central nersous
system. 8y acting cn these receptors the foilowing pharmacologncal eftects are seen. Analgesia due to a
Central action on pain perception. 'oge‘her with a madulatory effect on the central transmission of noxious
sensation. It also causes drowsine¢s and 2uphoria (though sometimes dysopheria, particularly in thcse whe
are free of pain).

The pharmacautical pellet composihon according to the present invention may include a pluraiity of
coated core elements.

The pharmaceutical compasition may be prownided in any suitable unit cosage form. An encapsulated
form may be used.

The pharmaceutical pellet comecsition may te provided in a cellet or tatieted pellet torm. A taolet may
be formed by compressian of the cellets optionally with the addition of suitable excipients.

In a preferred aspect of the present invention the core coating, in use, generates a dissolution profile for

the sustamed release composition. which 1s equal to or greater than the minimum dissolution. prafile

required to provude substantially equivalent broavailability 1o a capsule, tablet or liquid containing an equal
amount of the at last one active ingredient 1n an immediately avaitable form - ) .

"Cissolution profile” as used hergn. means a plot of amount of active ingredient released as a function
of time. The dissolution profile may be measured utilising the Drug Reiease Test (724) which incarporates
standard test USPXXH 1990. (Tesu™11)) A profile is characterised Dy the test conditions selected. Thus th
dissolution profile may be generated at a greselected shztt speed. temperature and pH of the dissolution
media. ) .

A first dissolution profile may be measured. at a pH level acoroximating ihat of the stomach At least a
second dissolution protile may be measured at oH Igvels doorexmating that of at !east 2ne coirt n the
intestine.

A highly acidic pH may simulate the stomacn and 3 less acidic 1o basic gH may simuiate thg wntastine
By the term "highly acidic pH" as used herain ~e mean 2 oH n tha range f approximatety. 1 i 4 -2, ha
term “less acidic !0 basic pH™ we mean a oH of greater than 4 Lo o acproxmately T 5 crateratiy
aperenmately 5te0 75

A oH ot aporovmataly 12 may Ra 2eq tn T giae tre me Nt e st

o
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A pH of approximately 6.0 to 7.5 preferably 7.5 may be used to simulate the pH of the intestine.

Accordingly in a further preferred aspect. a first dissolution - profile is measured at a pH level
approximating that of the stomach and a second dissolution profile is measured at a pH level approximating
that of at least one point in the intestine; the first and second dissolution profiles for the sustained release
composition each being equal 1o or greater than the minimum dissolution required to provide substantially
equivalent bioavailability to a capsule, tablet or liquid containing the at Ieast one active ingredient in an
immediately available form. '

More preferably, the composition. in use. exhibits less fluctuations in plasma concentrations in active
ingredient at steady state over a 24 hour period, relative to the active ingredient in an uncoated form andfor * -
exhibits less diurnal variation in plasma concentration of active ingredient relative to knowi capsul s or
tablets containing the at least one active ingredient in a sustained release form. ’ )

For example, dissolution profiles have been generated which exhibit bioavailability substantially equiv-
alent to, or better than, commercially known morphine compositions including MS Contin, MST Continus.
and morphine solution. .

Accordingly, in a preferred aspect of the present invention there is provided a’sustained releas
pharmacsutical pellet compoaosition including '

a core element including a morphine compound: and _
a core coah’hg for the ccre element which is partially soluble at a highly. acidic pH to provide a slow rate of
release of morphine comocund and wherein the morphine compound is available for absorption at a
relatively constant faster rate in the intestine gver an extended period of time.

It will be understcod :hat ‘urther since the active ingredient is provided in a sustained release pellet
torm significantly less Huctuatiors in plasma concentrations of active ingredients at steady state over a 24
heur period are encourtara:. and mav 3llow lor less trequent dosing relative to the active ingredient in ar
uncoated ferm. This is evce:i22 1o resull in less toxic and more effective therapeutic activity.

Similarly, it has bSean :r.nd ‘hat the pharmaceutical pellet compasition according to the present
invention exhitits tess .:-o=2- varaten in plasmz concentrations of active ingredient than prior art
preparations, for examzle wra~ crinistered on 3 two. three or four times daily dosage regimen.

Moreover. the pharmasza.;: 3 callet comoosition according to the prasent invention shows no evidence
of ¢ose dumping Tiwe :3ian.a Sc3.iabiity of the active ingredient generated from the pharmaceutical
pellet composition 15 nct :1~cramised by food so that compliance will improve as the product may be

‘taken without regara tc ~eais

Moreover, since the =219 :1aung s partially sotuble at an acidic pH, for example as encountered in the
stomach of the patients. :zima 3w r210ase of active ingredient will occur in the stomach. The slow rate of
ralease of active ingrediens ~a. nsc ce at a relatively constant rata.

The active ingredient ma. =9 a.anac'e for absorption even in regions of the gastrointestinal tract which
are net sufficiently alkaima < - i1 ‘ra antene Core coating component.

Thus the active ingreciar: s a.anabie far absorption in an absorption region substantially immediately
2fter the pyloric sphincter .n ‘re catiant Such an absorption region may generally be characterised by a pH
batween approximately 12 3n~2 5§ Apsorotion will occur in the small intestine but since absorption will
©oNiNUS Qver an axlende.) L4 3 1t wma thys some absorption will occur additionally some way into th
iarge :niastine. ' .

“here the aciveg ingeac .o 5 - 3n solubility ‘n water is a morphine compound, the marphine
“omgound may take any _.-3c:a ‘orm  The morphine compound may be present in an anhydrous or .
nydrous form. The morphine - 3mocund may be provided in a sait form. Morphine sulphate is preferred.
Marphine suiphate pentahyerata -s cariculusly preterred.

Advantages of tne sustared rolease oharmaceutical pellet composition according to the present
‘aventon may thus be summantedq as fnilows ) .

1) The ime dunng wmc™ moromine Siood lavels at steady state are greater than or equivalent to 75%
of maximum bloed levals (1> “52_,.: may te aooroximately 3 hours or greater. Generally t>0.75C e may
o¢ 3.5 hours or greater (DO T3, 3t MS Contin has teen regorted to be is 3.5 hours). .

fii} peak to fougn wanauens ~ hed merphing concentrations at steady state will be between 60-
1075 ihese vanations lor MS onun rave Sean reccrted to be are approximately 300% and for Morphine
Srmten 3 ncurly are approximgiai, SG%. ) T .

i) final Larancns may ge roencan

1) the 23-acministranen 3t 20wl not signiticantly decrease the extent of morphing absorption or
ait2r *he rate 9 norcivrs aossiohicr wnan *omoared wth administration in the fasted state th eHect of

toamey o TTATLINGR WIS e 449 oy S Nt v Nyany

TSI MM SMASHEMAce it a4 uesd mecziiea charmacakiretics mav be reduced
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Accordingly, in a preferred aspect according to the present invention there is provided a sustained
rel ase charmaceutical pellet compo_sition including
a core element including at least one active ingredient of high solubility: and )

a hybrid core coating which coating provides a slow rate of release of active ingredient at a highly acidic pH
and a relatively constant faster rate of releass at a less acidic to basic pH over an extended period of tim .

Desirably, for some applications of the invention, the rate of release at the less acidic to basic pH is
greater than the rate cf release at the highly acidic pH. preferably 1.2 to three times greater.

The hybrid core coating may include
at least ane polymer which is substantially insoluble independent of pH (insoluble matrix polymer); and
at least one enteric polymer which is substantially insoluble at acidic PH but at least partially soluble at a
less acidic to basic pH (enteric polymer); e
at least one component which is at least partiaily soluble at acidic pH (acid solubie polymer).

. It has been found necessary in order to achieve a slow rate of release at acidic pH for pH dependent or
independent drugs, and faster relatively constant rate of release over an extended period of time to includ
the above three components in the hybrid core coating composition. ‘

Preferably the enteric polymer is readily soluble at a less acidic to basic pH.

Preferably the at least partially soluble component is a readily water-soluble component.

Accordingly the hybrid core coating may include an effective amount of
a matrix (insofuble) polymer which is substantially insoluble independent of pH
an enteric polymer whose solubility is pH dependent. and
an at least partially acid soluble component. : .

The rate of dissolution at hightly acidic pH of the hybrid core coating will depend on the amount of the-
at least cne partiaily acid solutie ~omponent, the pH dependent and pH independent polymers, and th
thiciiness of the cocting. Tveica! zora coatings may be in the range of approximately 5 to 200 um,
preferably approximately 25 to 50 um. It will be understood, accordingly, that the rate of absorption may be
modified by modifying the thickness andsor the composition of the hybrid core coating. ’

Once a minimum amount ot the at least partially acid soluble component and/or the maximum thickness
of the coating to achieve the mimmum dissolution profile at an highly acidic pH has been established, then
itis simply a matter of design choice 0 adjust the composition and/or thickness of coating as desired.

It has been found that the gissolution rate of the soluble drug at various pH's can be modified at will by
aitering the ratio of polymers. The temary system of polymers according to the present invention allows
greater Hexibility than as known n onior art using only binary systems of polymers.

The at least one enteric polvmar may be selected from cellulose acetate phthalate, hydroxypropyl
methyicsllulose phthalate (HPMCP). solyvinyl acetate phthalate, methacrylic acid copolymer, hydroxypropy!
methylcellulose acetate succinate. snallac, cellulose acetate trimeilitate and mixtures thereof. Particularly
preferred enteric polymers incluce svnthetic resin bearing carboxyl groups. The methacrylic acid: acrylic
acid ethylester 1:1 copolymer scid .nder the trade designation "Eudragit L100-55" has been found to be
suitable. )

The at least one enteric polymar may be oresent in the coaling in an amount of from approximately 1 to
60% by weight, preferably 2 to 20% by weight, more preferably S to 15% by weight, based on the total
weight of the hybrid core coating axciucing weight of filler and plasticiser.

The at least partially acid-solutie component may be selected from polymers such as polyvinyl -
pyrrolidone, hydroxypropyl cellulose. hydroxypropy! mathylceilulose, polyethylene glycol, polyvinyl alcchol
and monomers therefor such as sugars. sails. or organic acids and mixtures thereof.

The at least partially acid-soludle component may be present in the coating in amounts of from
approximately 1 to 60%, preferably 15 to 30% by weight. more preferably 20 to 35% by weight, based on
the total weight of the hybrid core czanng excluding weight of filler and plasticiser.

The at least one insoluble matnx oolymer may bae any suitable pharmaceutically acceptable polymer
substantially insoluble indepencent 3t o4 The polymer may be selected from ethyicsellulose, acrylic and/or
methacrylic ester polymers or mixtures thereot and the like may be used. Polymers or copolymers of
acrylates or methacrylates having a icw quaternary ammonium content may be used. The acrylic acid ethyl
aster: methacrylic acid methyl ester i1 1) i:cpolymer has been found to be suitable. '

The at least one nsoluble matrix polymer may ba praesent in the coaling in an amount of from
2oproximately 1 to 85% by wesgnt creteraply 35 to 75% by weight. more preferably 45 to 65% by weight,
based on the total weight of the hyend 2 e coating axclucing weight of filler and plasticiser.

The hybrid core coating may ‘uii~ar include at 'east sre slasticiser: and optionatly
2t teast nne filler. )

Arzardingly in a Srefacraa Asgest e Nneel C re et gt ~5 Tluces
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0 to approximately 50% by weight, preferably 2.5 to 30% by weight, based on the total weight of the hybrid
core coating of at least one plasticiser selected from diethyi phthalate, triethyl citrate, triethyl acetyl citrate,
triacetin, tributyl citrat , polyethylene glycol and glycerol and the like; and )
0 to approximately 75% by weight based on the total weight of the hybrid core coating of a filler selected’
from insoluble materials such &s silicon dioxide, titanium dioxid , talc, alumina, starch, kaclin, po!acnlm
potassium, powdered cellulose, and microcrystalline cellulose and mixtures thereof.

The at least one plasticiser may be selected from diethyl phthalate, triethyl citrate, triethyl acetyl citrate,

- triacetin, tributyl citrate. polyethylene glycol and glyceroi and the like. it will be understood that the

plasticiser used may be largely dictated by the polymer used in the coating formulation, and the |
compatibility of the plasticiser with coating sclution or dispersion. It should be noted that acid or water
soluble plasticisers can also be used to function as the partially acid soluble component. The plasticiser
may function to improve the physical stability of the core coating. A plasticiser is particularly preferred
where the polymer has a high glass transition temperature and/or is of a refatively low molecular weight.

The plasticiser may be present in any syitable effective amount. Amounts of from approximately 0 to
§0% by weight preferably 2.5 to 30% by welght based on the total weight of the hybrid core coating, have
been found to be suitable.

The filler may be present in any suitable effective amount. Amounts of from 0 to approxirately 75% by
weight, preferably 15 to 60% by weight, more preferably 25 to 45% by weight, based on the total weight of
the hybrid core coating have been found to be suitable.

Accordingly in a further preferred aspect the hybrid core coating has a formulation

Ethyicellulose 45 to 60% ) %
Methacrylic acid ) excluding
acrylic acid ethy! ester ) plasticiser
1:1 zopolymer Sto 15%) ana
Polyethylene glycol 2010 35% ) filler
Oiethyt phthalate 2.5 to 30%
Talc . 25 1o 45% of total weight of
hybrid core coating

In a preferred aspect of the present invention the core element of the pharmaceutical composition
according to the present inventon may include an effective amount of
at least one active ingredient ot high solubility; '
at least one core seed: and
at least one binding agent.

The active ingredient may be cresent in any suitable effective amount. The amount of active ingredi nt
is dependent on the potency 3t the active ingredient and on the desired dosage strength and vclume of a
unit dose of the drug product. The active ingredient may be present in amounts of approximately 0.1 to
95% by weight, based on the total weight of the core element. The active ingredient max sreferably be 2
morphine compound. The morphine compound may be present in amounts of approximately 10 to 60% by
weight, based on the total weight of the core element. ‘

Thebinding agent may be present in amounts of from approximately 0.1 to 45% by weight pref rably
approximately 0.1 to 20% by weight based on the totai weight of the core element.

The binding agent may te of any suitable type. Suitable binders may be selected from po!yvmyl
pyrrolidone, hydroxypropyl ceiluiose. hydroxypropyl methylcellulose, methylcelluiose and hydroxyethyl
csllulose, sugars and mixtures thersof The binding agent may be provided in the torm of a granulating
solution. An aqueous or argamic sclvent may be included. Methanol, ethanol or mixtures thereof may be
used as soivents. .

The size and amount of the ccre seed may vary substantially from approximately 100 um to 1700 um

'depending upon the amount ot aciive ingredient to be included. Accordingly. the core seeds may vary from

aoproximately S to 99% by weight. creferably 40 to 90% by weight based on the total ~eignt of the core
element, depending on the octency of the active ingredient. The core seed may be of such a diameter to
provide a final core elem nt having 3 Jiameter of approximately 200 to 2000 um.

The core seed may be of any suitatia tvce A sugar or an active <ore seed may te use?

The core element mav further -na:ge Mher <armars o1 avcigients. fillers, s:tapthng 3gents 3nc
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colorants. Suitable fillers may be selected from insolyble materials such as silicon dioxide, talc, titanium
dioxide, alumina, starch, kaolin, polacrilin potassium, powdered ceilulose, and microcrystalline cellulose and
mixtures thereof. Soluble fillers may be selected from mannitol, sucrose, lactose, dextrose, sodium chigride,
sorbitol and mixtures thereof. ' .

In a preferred aspect the core element includes an effective amount of at least one morphine
compound: optionally ) .
at least one core seed; and
at least one binding agent.

The core element may have a formulation

Morphine sulphate 10 to 60% by weight

Core seeds 30 to 89.9% by weight
Hydroxypropylmethylcellulose 0.1t0 10% Ly weight

Alternatively the core élement may have a formuiation

Morphine sulphate 10 to 60°% by weight
Tore sceds | 30to 87.5% hy weignt
P2ty anyl oyrroiidone 2.5 '0 10% by weight
The hybrid core coaur; -~=:csiion M2y be provided in the form of a solution, dispersion or

suspsension.

in the form of a solution -~ Ti-ert May e present in amounts of from aporoximately 25 to 97% by
waight, preferabiy 85 - 97 - jga.- 1" e total weight of he hybrid core ccaling compositicn. The solvent
for the polymer may be a : rar 5.:h a3c water. methanol, ethanol, methylene chloride and mixtures
thereof. : A ,

In the formof a dispens.~n -+ - e2esicn. the diluling medium may be present in amounts of from_
approximately 25 to 97% 2+ e :~e Traterativ 7S - 979%, based on the total weight of the hybrid core
coaling composition and is T rae Jralzminanty of water. .

Typical hybrid core £oanr s ' - =y rs may be orepared in the amounts as follows:

Core -Z:atrq - =i 30an
A, ‘ TR e =y olymer 45 . 55% ) %
; s 4-10% ) exclud-
i | ing
CoAL e e | 15-35%) | solvent
Plagne: cage 4-30% ) and
filler
* Scivaet 35 - 97% of total coating
formula.
B. NSChLL @ it Loiymer 45 - 55% ) %
Trtae - 4-15%) exclud-
' ing
A - il 15-35% ) solvent
Pragsaae ' 4-30°) ang
filler
Onutir; waunsn 7S - 97% of total coating
formula

TEIORA, A ey s el - L L State v ST emulaens saagnt 2erag
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solvent, may be added. »
In a further aspect of the present invention, there is provided a method for preparing a sustained
release pharmaceutical pellet composition, which method includes
providing :
a core slement including
at least one active ingredient of high solubility; and
at least one binding agent; and
a hybrid core coating composition including a solution, suspension or dlspers:on of
at least one polymer which is substantially insoluble independent of pH;
at least one enteric polymer which is substanhally insoluble at acidic pH but at least partiaily solubl ata
less acidic to-basic pH; and
at least cne component which is at least partially soluble at acidic pH:;
introducing the cors element into a fluidised bed reactor; and
spraying the hybrid core coating composition onto the core element.
In a preferred aspect the method may further include the preliminary steps of
providing
at ieast one active ingredient of high solubility:
at least.-one binding agent:
at least one core seed: and
coating the core seeds with the active ingredient and binding agent to form a core element.
In an alternative form the at least one binding agent is provided in a granuiating solution. In this form
the ccating step may he conducted as a spheronisation process. The spharonisation process includ s
contacting the core seeds ~.th the active ingredient and simuitanwously adding the granuiating solution
thereto. The spiteronisation prccess may be conducted in a spheronising machine.
In a further aiternative ‘asrect of the prasent invention, the method may further include the preliminary
steps of
praviding
at least one active ingredient ct mgh solubility;
at least one binding agent; anc

. an effective amount of a saivent.

mixing the ingredients; and
subjecting the ingredients 0 an axtrusion followed by marumerisation to form a core element.

" The solvent may be an aguecus or organic solvent or mixtures thereof. The solvent may be present in
an amount effective to aitow 'na ‘ngredients to be extruded.

The core elements ‘ormaaq are ihen subjected to a drying step. The drying step may be conducted ina
flvidised bed or drymg oven

In a preferred form the at -east one binding agent and active ingredient are provided in a solution or
slurry. In this form the c2re seecs are sprayed with the solution or slurry. The spraying step may b
conducted in any suitable coanng equipment. The coating equipment may be a ﬂundtsed bed chamber,
oreferably a rotary fluid ted macrine

Spray coating of core aiemants may be undertaken utilising bottom, top or tangentiailly located spray
nozzies. A bottom spray nuzz'e may reside proximate to the base of the fluidised bed facing upwards while
2 top spraying nozzle is locatec aobove the contents of the bed and facing downwards. The spray nozzle
may reside in the mid-section ot the fludised bed and be oriented such as to spray tangennally to th
rotating core elements.

The sustained release pharmaceutical pellet composition may be administered under a similar dosage’
regimen to that used in the cnar art The multi-peilet encapsulated form may for example be administered
every eight to twenty-four hours  sustained release form.

In a further preferrad aspact 3f *he present invention the pharmaceutlcal pellet composition incorporat-
ing marphine compound may crovide effective pain reliet with twice or three times or four times daily
administration. Versatility of cosing may be achieved with 10 mg, 20 mg, 50 mg, 100 mg, 200 mg, SO0 mg
ar any other dose strength of 23psuies required.

The pharmaceutical pellet zcmpesiion may be in multi-pellet encapsulated, sprinkie sachet or tableted

In accordance with a further 3spect of the present invention, there is provided a method ‘of treating pain-
assoc:ated conditions n patients r2 <utnng such treatment which method includes adrmmstenng to a patient
an affactive ameunt of a sustairad -etease pharmaceutical pellet composition inctuding
3 72re element inclucing at l2ast 2ne marating comgound of ugh solubdity: and
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a core coating for the core element which is partially soluble at a highly acidic pH and wherein the
morphine compound is available for absorption at a relativ ly constant rate in the intestine over an extended
period of time.

The method of treatment accoromg t this aspect of th present invention is pamcularly applicable to
the treatment of acute and chronic pain, particularly pain associated with terminal disease such as cancer
and chronic backpain, as well as post-operative pain.

Preferably the pharmaceutical sustained release composition is prowded in a unit dosage form and
administration occurs at intervals of approximately 8 to 24 hours.

The present invention will now be more fully described with reference to the accompanying examples. It
should be understood, however, that the following description is illustrative only and should not be taken in
any way as a restriction on the generality of the invention specified above.

EXAMPLE 1
1. Formulation 1
Cora Composition 1
Morphine Sulphate pentahydrate 194g
Core sseds 170 g
Potyvinyl pyrrclidone 1 37g
Ethanol 185 g
Hybri¢d Core Coanng Compositicn 1 A
Polyethylene Glycol 12g
Ethyicellulose , ’ 2Sg
Diethyl phthaiate _ 29
Methacrylic acid . acrylic acid ethyl ester 1:1 copolymer Sg
Talc 229
Ethanol . 667 g

" 2. Formuiation 2

Core Composition 2

Marphine Sulchats pentahycrate 194 g
Core Seeds 1709
Polyvinyl pyrrotidone ) 37g
Ethanol 185g
Hybrid Care Coating Composition 2

Polyethylene Glycol 259
Ethylceliviose 41 g
Diethyl phthaiate ' 39
Methacrylic ac:d- acryhc acid ethyl ester 1:1 copolymer 4g
Talc 379
Ethano! o ' 1106 g
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3. Formulation 3

Coare Composition 3

Morphin Sulphate Pentahydrate J64g
Core Seeds - ' 733g
Hydroxypropy!methylcellulose . 14g
" Ethanol ) : 986 g
Hybrid Care Coating Composition 3 '
Polyethyiene Glycol . : 479
Ethylceilulose 804
Diethyi phthalate 19g¢g
Methacrylic acid : acrylic acid ethy! ester 1:1 copolymer 20g
Talc 88g
Ethanol . 2509¢g

Spheronised Core Manutacture {Core Composition 1 and 2)

" The core seeds were placed in a spheroniser. The core seeds ware then coated with a-dry mixture of
the active ingredients and .naclve excipients whilst concomittantly adding a soluuon of ‘the binder
components. .

The wet cores so iormed ~ere then dried in a fhidised bed dryer for 1 hour. .

Rotacoating Core Manufaciu-e :>cre Composition 3)

The core seeds wera craced mn a rotor fluid bed machine. The core seeds were then coated with a
suspansion or solution of the acuve ngredients and inactive excipients including at least cne binding agent,
in a suitable liquid. The wet =cres 5o ‘ormed were then dried in a suitable drier for one hour.

Pellet Manufacture

(a) The dried spheromsaa <ares 1 and 2 were then placed in a fluid bed coating apparatus. The
hybﬁd core coating composinens 1 ang 2 were then sprayed onto the cores 1 and 2 to form Formuiation 1
and 2 peilets raspectively. At *ne ~znctusion of the process, the pellets were fluid bed dried. :

(b) The dried cores 3 ~ara ‘man olaced - a :otary fluid bed or conventional fluid bed coating
apparatus. The hybrid core ccatr; :2mcesition 3 was :hen sprayed onto the cores 3 o form Formulation 3
pellets. o

A dissolution test was crcucied 2n the peilet compasitions 1, 2 and 3 utilising the test method
USPXXI 1990 (Test 711). A sample s dissolved n an agqueous medium previously degassed and
equilibrated to 37°C. The maria ¥a USP oM 1.2 madia without enzymes and pH 7.5 phosphate buffer. A
sample of known volume is mhdrawn at Jesignated tima intervals trom the bath as directed and subjected
to a suitable assay procedure Tre —qg of morpning sulphate as a function of time is plotted as the
dissolution profile. . ’

The tests were conducted at o ' 2 and pH 7 S. .

The baskets containing tr2 3arc'es w~ere rotated 2t approximately S0 r.p.m. and the aqueous medium
maintained at approximatety 37" C

The results are given in Ticies ! 2 § and Figures 1 and 6 herein. The results for Formuylation 1 at pH
1.2 and 7.5 are given in Tacies * ing 2 respectively The hybrid coating on Formulation 1 pellet allows
dissoiution at pH 12, a sigrutcarey tasier rate 2f Aissolution is observed at pH 7 5. The results lor
Formulation 2 pellet at pH 1 2 10z "5 are given = Tzoles 3 and 4 respectively, and are similar to those
obtained from composition A C

The results for Formulanr~ 3 wr'are yra zumiar 2 those achieved for Formulaton | at oK 75. The
rasults achieved tor Formularar ! wear s ice 3 aigmhcant orolongation of release theregver
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TABLE 1
DISSOLUTION DATA FOR FORMULATION 1 AT pH
1.2 (AVERAGED DATA FOR 3 SAMPLES)
TIME MG SD |% RELEASED| SD

MIN. | RELEASED
30 0.00 0.00 0.00 0.00
60 229 0.09 404 | 015
120 8.43 0.18 14.88 0.28
180 14.66 0.39 25.87 0.71
TABLE 2

DISSOLUTION DATA FOR FORMULATION 1 AT pH
7.5 (AVERAGED DATA FOR 3 SAMPLES)

TIME MG SD |% RELEASED| SO
MIN | RELEASED
30 1.85 0.09 3.28 0.17
50 9.03 0.25 16.07 0.45
120 23.20 0.42 41.29 0.77-
[ 180 3539 | as0 63.00 1.01
TABLE3

DISSCLUTION DATA FOR FORMULATION 2 AT pH
1 2 tAVERAGED DATA FOR 3 SAMPLES)

TIME MG SO | % RELEASED| SD
MIN. RELEASED
30 1 64 0.00 322 0.01
60 - 528 0.09 12.25 0.16
120 2024 0.18 39.53 0.46
180 3639 0.27 727 0.72
240 47 47 0.49 92.97 1.12
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TABLE 4
DISSOLUTION DATA FOR FORMULATION 2 AT pH
75 (AVERAGED DATA FOR 3 SAMPLES)
TIME MG SO |% ReLEAsED| sp
MIN. | RELEASED : '
30 263 0.00 5.12 0.03
60 8.69 0.09 16.94 0.1
120 | 2162 0.33 42.13 0.40
180 33.66 0.59 65.60 0.79
240 42.47 0.82 8278 | 1.13
TABLE 5

DISSOLUTION DATA FOR FORMULATION 3 AT pH 1.2

(AVERAGED DATA FOR 3 SAMPLES)

TiME MG - SO }% ReLEAseD| sp
MIN RELEASED

30 1.44 0.39 212 0.53

3 3.03 | 0.33 4.48 0.39

2 6.78 0.30 10.03 0.35

30 10.17 0.18 15.04 0.34

130 13.87 0.41 20.51 0.29

w0 17.45 0.31 25.81 0.30

180 21.29 0.21 31.49 0.27

120 2475 0.32 36.62 0.48

130 2860 0.64 42.30 0.37

T4 1263 0.42 48.28 0.45

2 3580 0.92 52.95 0.37

28~y 67 60 1.28 100.04 3.79
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TABLE 6
DISSOLUTION DATA FOR FORMULATION 3 AT pH 7.5
(AVERAGED DATA FOR 3 SAMPLES)

TIME MG . SD % RELEASED| sD
MIN. RELEASED

30 2.19 0.11 3.23 0.17

60 7.05 0.89 10.38 1.26

120 18.07 1.05 26.63 1.44

180 28.12 1.03 41.44 135

240 37.86 1.05 55.80 1.32

300 47.60 1.48 70.16 1.96

360 56.33 0.54 83.03 0.47

420 63.03 2.01 92.90 276

480 | . 65.97 0.61 97.23 0.75

540 69.13 | 0.41 101.89 0.79

600 70.20 0.43 103.47 0.45

24 hours 74.76 2.36 110.19 3.04
SO = Stanzard Deviation

EXAMPLE 2

.Two sustained release morcrire ccmpositions in accordance with the present invention have been
trialled in patients with back pain itag and fasting) and in heaithy volunteers (fasting). The results of these
trials suggest that Faulding alreac; “as a product that is superior to a commercial product MS Contin with
regard to sustained delivery of margching An investigation has also been initiated into understanding the
effect that food has on the abscronen =t morphine. : ’

The sustained release oral marcrine ~cmpositions according to the present invention are designated
Formulation 1 and Formutation 2.

1. PART A

A single dose 3 way crossover studv unier fasted conditions was conducted in six patients suiering
chronic pain. On 3 0Ccasions stcarateg dv ane week, patients received a S0 mg cral morphine dose as
either a solution (reference dose) or one of two sustained release formulations as pellets contained within a
capsule (designated Formulation 1. 3 oH d2pendent release formulation; and Formulation 2, a pH
independent ‘release formulation) The doses were administered after an overnight fast. Venous blood
samples were taken at specified time ntervais from immediately akter dose administration for 30 hours after
the sustained release formulations ang tor 10 hours after the reference solution dose. The morphine
concentration in the blood samples ~as quanutated using high pressure liquid chromatography (HPLC) with
electrochemical ‘detection. Table 31 summanses ihe mean area' under the curve (AUC): Cax (Maximum
blood concentration); Tm,, (lime tc reach ceak blood concentratian); Ty,; (apparent terminal half life); T20.7
Cmax (time for which blood ccncentrancn ~as greéter than 75°% of C.,,) and relative bioavailapility (F%%)

The resuits revealed that both F2enuiaticn 1 and Formulation 2 Arovide a sustained release relative to
the reference solution as assessed by- ’

(1) a lower Cn.,, for the formulations:
(2) a longer T, for the farmulatons, and

(3) a longer time for which *ha Si0nd meorphine  <oncentration was above 0 7S Cmse 'Cr *he
‘ormulations.
There was a significant cec-ease n mae t32S 'or 2360 ‘ermulatnn mmpared swith ‘~a rafaranca

oluton The m2an (280) C..,, for *re 12t an was 352200 G UL whareas ‘he nerracniiet iy a1 as ey

°3
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Formulation 1 and Formulation 2 were 21.627.1 ng/mbL and 23.2:4.8 ng/mL respectively. The variability in
Cmax for Formulations 1 and 2 as demonstrated by the coefticient of variation was signiticantly less than-that
of the solution in the same patients.

There was a significant increase in Tnax values for the formulations relative to that obtained with the .
reference solution. The mean (#SD) T for solution was 1.0721.09 hours whereas the equivalent values -
were 5.3321.2 hours and 4.25%1.33 hours for Formulations 1 and 2 respectively. The variability in Tmex -
values for the formulations was less (han that obtained for the solution in the same patients.

The time the blood morphine concentration was greater than or equal to 0.75 Cmax was significantly
greater for the formulations compared to the reference solu(ion.'dose. The mean time was 190 minutes for
Formulation 1 and 237 minutes for Formulation 2_compared to only 53 minutes for the reference solution.
Expressing these data as percentage of the time of the reference solution, Formulation 1 was 322% while
Formuilation 2 has 400% greater time that the blood morphine concentration was greater than 0.75 Cmex
compared to the solution.

There was no significant difference between the AUC for the formulaﬂons and that obtained for the

" reference solution (Table 3.1).

The relative bicavailability for the formutations was calculated from.the ratio of the AUC for th
appropriate formulation relative to that obilained for the reference solution for each patient. The relativ
bioavailability was 83.5% for Formulation 1 and 102.6% for Formulation 2.

The AUC and relative bmavazlab:luty data suggest that the extent of absorption of morphine from the
three ditferent formulations is similar whereas the Cmax Tmax and T20.75Cmax data indicate that the
formulations exhibit the typical slower and prolonged absorption of a true sustained release preparation.

TABLE 3.1
RESULT OF STUDY PART A
PARAMETER ] SoLuTiON FORMULATION 1 * FORMULATION 2
' MEAN MEAN | OBSERVED | MEAN | OBSERVED
' OIFF o OIFF
AUC (ng.himL) V19977 170.72 -29.05 193.77 5.0
SD | :88.32 =86.3° 246.35
Cve A & st 24 :
Cmax (ng/mL) | T3S 21.60 -52.0 23.16 -50.4
) i :1092 27.12 =4.76 '
CV% R ki 33 21
T max (NOUrS) | 107 5.33 426 425 3.18
SD ) ! 1 =1.21 £1.33
CV% | 03 23 3
"1 Eioavailability (F’ i Qo 83.53 -16.47 102.62 2.62
SO ' =000 =27.87 | =2s5.77
Y i 9 33 ' 25
tiz (hours) i 3.02 6.58 3.56 7.65 463
S0 21.97 =5.33 =5.59
CV% S 81 73
T30.75 Cmax (minutes) 590 189.8 © 1308 237.3 178.3
SD =37 278 295
cV, 1 63 40 40
2 PART 3

A zurgle “ose 3 way crossover stucy under fed conditions was conducted in six patients suffering
st pain Tha same patients teak cart :n bHoth Parts A and B of this study. On 3 occasions separated by
~ea sa0« gatents recewed a 50 m wal naremine <osa as aithar 3 solution (reference Jose) or one of two

27 +238352 fAemyianers Js  oets Contawed mithine @ naosule (designated Fermulation 1. 3 oH

His )
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dependent release formulation: and Formulation 2, a pH independent release formulation). The doses were
administered after an overnight fast. Venous blood samples were taken at specified time intervals from
immediately after dose administration for 30 hours after the sustained releas formulations and for 10 hours
aft r the reference solution dose. The morphine concentration in the blood samples was quantitated using
high pressure liquid chromatography (HPLC) with electrochemical detection. Tabl 3.2 summarises th
mean area under the curve (AUC); Cmax (maximum blood concentration); T,y (time to reach peak blood
concentration); T20.75 Cmax (lime for which blood concentration was greater than 75% of Cp,,) and relative
bioavailability (F%). :

The results revealed that, in the presence of food, both Formulation 1 and 2 provide a sustained release
relative to the reference solution as assessed by: Coe .

(1) a lower Cp,, for the formulations;

(2) a longer T,y for the formulations; and

(3) a longer time for which the blood morphine concentration was above 0.7S Cpax for th
formulations.

There was a significant decrease in Cn. values for each formulation compared with the reference .
solution. The mean (2SD) Cpa, for the salution was 80.7 = 28.4 ng/mL whereas the carresponding values for
Formulation. 1 and Formulation 2 formulations were 22.0 + 8.1 ng/mL and 326 = 18.1 ngmL respectively.
The variability in Cmax for Molly 1 and 2 as demonstrated by the cosfficient of variation was similar for all
formulations. The C,,, values for each formulation obtained under fed conditions were similar to the values
obtained in the same patients under fasting conditions (Part A). )

. There was a significant increase in Tmax values for the ‘ormulations relative to that obtained with the
reference solution. The mean (2SD) T e, for solution was 1.32 ¢ 1.65 hours wherseas the aquivalent valu s
were 5.83 = 0.75 and 4.5 = 0 84 hours for Formulation t and 2 respectively. The variability in T, values

“for the formulatinns was less than that obtained for the solution. The Tmax values wera similar under fed and

fasted conditions for each respecave formulation. )

The time the blocd morphine concentration was greater than cr equal to 0.75 Cpa, was significantly
greater for the formulations compared to the rslerence solution dose. The mean time was 231.2 minctes for
Formulation 1 and 168.5 minutes for Formulation 2 comparad to only 52.2 minutes for the reference
solution. Expressing these data as percentage of the time of the reference solution, Formulation 1 was
443% while Formulation 2 has 323% greater time that the blood morphine concentration was greater than
0.75 Cmex Compared to the soltion. The data for the time greater than 0.75 Cne under fed and fasting
conditions was similar for each raspective formulation. . )

Under fed conditions, there was a sigmiicant difference between the AUC for the formulations and that
obtained for the reference sohstion (Table 3.2) the reference solution having a greater AUC than either
formulation. The mean areas wers «ary similar for the formulations with mean values of 204.13 = 106.11
ng.h/mL and 225.09 = 138.52 ng.~vmL for Formulation 1 and Formulation 2 respectively. The mean AUC for
the solution under fed conditions ~as 28198 = 11258 ng.lmL. The intersubject variability in AUC was
similar for alt formulations as shown by the coefficient of variation. :

A comparison of AUC data obtaned under fed and fasted conditions shows that the AUC for th
reference solution expressed as a rano ot feditasted was 1.41 (range 0.94 to 1.9). with alt but one patient
having a ratio of greater than umity There was a similar trend with the Formulations in that the mean AUC
obtained when the formulations were admmstered immediately after food were iarger than the equivalent
value obtained in the fasted state. . .

- The primary concern was to estaplish that “dose dumping” did not occur with either formulation. Th
data indicate that the biogvalabiity ot merphine from formulations in the presence of food is at least
equivalent to and possibly greater than the bioavailability from the same formulation in the fasted state and
that the formulations behave in"a simitar manner 19 the solution with regard to the influence of food on th
absorption of morphine. . :

The relative bioavailability for ‘he tormutations relative to that obtained tor the reference solution was
79.4% for Formulation 1 and 78.2% for Formulation 2. ’

The AUC and relative bioavaiaoility data suggest that the extent of absorption of marphine from th
formulations is similar but stightty less than the solution in the fed state whereas the Ca,,, Tma. and T20.75
Cmax data indicate that the formutancns axhibit the typical slower and prolonged absorption of a true
sustained release preparation,
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TABLE 3.2
RESULT OF STUDY PART B
PARAMETER SOLUTION MOLLY 1 - MOLLY 2 .
MEAN " MEAN | oOBSERvED | MeaN OBSERVED

‘ ‘ OIFF DIFF
AUC (ng.h/mL) 281.98 204.13 -77.85 225.09 -56.89
) 2112.58 £106.11 +138.52 '
CV% 40 - ‘52 - 62
Cemax (ng/mL) 80.66 22.00 -58.66 3263 -48.03
S0 £26.44 £8.05 £18.07
CV% a3 37 55 _
Tmax (hours) 1.32 5.83 4.51 4.50 3.18
SO +£1.65 £0.75 +0.84
CV% 125 13 19
Bioavailability (F%) 100.0 79.4 -20.6 782 -21.8
sSD +0.00 £47.3 2271
CVv% 0 60.0 - 350
‘T20. 75Cmax (minutes) 52.2 231.2 179.0 168.5 116.3
S0 l =39.3 £73.9 +55.5
CV% | 75 32 , 33.

Finally, it is to be understood that various ather mcdifi cations ‘and/or alterations may be made without
departing from the spirit of the present invention as outlined herain.

-Claims

1. A sustained release pharmaceutical pellet composmon comprising a core element comprising at least
one active ingredient of high sotubiiity; and a core coating for the core element which is partially solubie at
a highly acidic pH to provide a slow rate of release of active ingredient and wharein the active ingredient is
available for absorption at a reiatively constant faster rate in the intestine over an extendsd period of time.

‘such that blood levels of active ingredient are maintained with the therapeum: range over an extended

period of time.

2. A sustained release pharmaceutical pellet composition according to claim 1 wherein the acuve
ingredient of high solubility is selected from antihistaminss. antibiotics, antituberculosis .agents, colinergic
agents, antimuscarinics, sympathomimetics. sympatholytic agents. autonomic drubs. iron preparations.
haemostatics, cardiac drugs. antihypertensive agents, vasodilators, non-steroida! antiinflammatory agents,
opiate agonists, anticonvuisants, tranquilisers. stimulants. barbiturates, sedatives, expectorants. antiem tics,
gastrointestinal drugs, heavy metal antagonists, antithyroid agents, genitourinary smooth muscle relaxants -
and vitamins. ‘

3. A sustained release pharmaceutical pellet composition according to claim 2 wherein the activ
ingredient is an opiate agonist selected from the Lalts of codeine, dextromoramude hydrocodone hydromor-
phine, pethidine, methadone. morphine and propoxyphena.

4. A sustained release pharrnacsutical peilet composition according to claim t wheremn the acnv
ingredient is a marphine compound.

5. A sustained release charmaceutical pellet compasition according to cla:m 4. wherein the morphine
compound is a morphine sulphate compound.

6. A sustained release pharmaceutical pellet composition according to claim 4. wherein the composition.
in use. exhibits less fluctuations n plasma concentrations of the morphine compound at steady state over a
24 hour period, relative to a prior art morphine compound in a sustained release form and/or exhibits less
diurnal variation in plasma concentration relative to the prior art morphine compound in a sustained release
form.

7 A sustained release pharmaceuncal peilet compcsition according to claim 5 wherain, n isa. tha tme
duniny the morphine blood levals at steady state are Jreater than 75% of mar:mum giceg levels

0
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(t>0.75Cmax) is approximately 3 hours or greater. .

8. A sustained release pharmacsutical pellet comDOS'l'On according to any one of the preceding claims
wherein the core coating, in us . generates a dissolution profile for the sustained release composition, .
which is equal t or greater thar. the minimum dissolution profile required to provide substantially
bioequivalent bioavailability to a capsule. tablet or liquid containing an equal amount of the at Ieast on
active ingredient in an immediate available form.

9. A sustained release pharmaceutical pellet composition according to claim 8. wherein a first
dissolution praofile is measured at a pH level approximating that of the stomach and a second dissolution
profile is measured at a pH level approximaling that ‘'of at least one point in the intestine; the first and
second dissolution profiles for the sustained release composition each being equal to or greater than the
minimum dissolution required to provide substantially equivalent bioavailabiiity to a capsule. tablet or liquid
containing an equal amount of the at least one active ingredient in an immediate available form.

-10. A sustained release pharmacsutical pellet composition according to claim 9, wherein the composi-
tion, in use, exhibits less fluctuations in plasma concentrations of active ingredient at steady state over a 24
hour period, relative to the active ingredient in an uncoated form and/or exhibits less diurnal variation in
plasma concentraticn of active ingradient relative to prior art capsules or tablets containing the at least one-
active ingredient in a sustained reiease form.

11. A sustained relsase pharmaceutical pellet composition comprising a core element compnsmg at
least one active ingredient of high solubility; a hybrid core coating, which coating provides a slow rate of
release of active ingredient at a highly acidic pH and a relatively ccnstant higher rata cf release at a less
acid to basic pH over an axtenceq cennd of ime: tha hybrid core coating compiising at Icast one polymer
which is substantially insoluela rzependent of oH: at least one . enteric polymec which is . substantially
insoluble at acidic pH but ar least 2artally soluble at-a‘less acidic to basic pH; and at'least one component
which is at-least partially solut'a 3¢ acidgic oH '

12. A sustaineg release cr»—acautical pellst compositicn according to ¢laim 11 wnerein the hybrid
core coating comprises aoorzermately 1t 85% based on the total weight of the hybrid core coating
excluding filler and plasticiser <! 4t "2ast 3ne insoluble matrix polymer selected from ethylcelluloss. acrylic
ester palymers. methacrylic 2ster -2v—ers and mixtures thereof: approximately 1 to 60% by weight based
on the total weight of the honc <zre :cannqg. excluding filler and plasticiser. of at least one enteric polymer
selected from celiulose acataie crinatate. hydroxypropyl methyi-cellulosa phthalate {(HPMCP), polyvinyl
acetate phthalate. methacrytc 3¢ ¢ ::csrvmer, hydroxvpropyl methylcellulose acstate succinate, shellac,
cellulose acetate trimellitate ara —«*ures marent: and aporoximately 1 ta 60% by weight based on the total
weight of the hybrid core <:a'n;. ewc.ucing filler and plasticiser. of an at least partially acid soluble
component selected from pciv.r 4l cyrrancene, hydroxyprogyl celiulose, hydroxypropyl methyicsiiulose,
pclyethylene glycol, polyvinvi au. _ov:c arg ~cremers therefor and mixtures thereof.

13. A sustained release crarmace.twal cellet composition according to claim 12, wherein the hybrid
core coating comprises appresrately 35 *0 T5% Dy weight of the insaluble matrix polymer; approximately
2 to 20% by weight of the antane ociyrrar and approximately 15 to 40% by weight ot the partially acid-
scluble comgonent, ’

14. A sustaingd :eleasa shar—wauncli Sellet compositicn according to either of claims 12 and 13
wherein the hybrid Zoie Zaung * .*~ar _:rrcresas approximatsly 0 to 50% by weight based on the total
weight of the hybrid ccre coanrgy :t at east :re plasticiser sefected from diethyl phthalate, triethyl citrate,
triethyl acetyl citrate. triacatin, 'routyl Ztrate. oolyemylene glycol and glycerol and the like; and 0 to
approximately 75% by weight tased cn 'ra <14l weight of the hybrid core coating of a filler selected from
insoluble materials, for examcle sincen =.2ace lale, alumina, starch, kaolin, polacrilin potassium, powdered
cellulose. and micracrystalling ~aiumse ara ~otyres thereot

15. A sustained release pharmaceutcal :e!let composition according to claim 13 wherein the hybrid
core coaling as the formulation

Insclucte Tty Ztivimer | 35 -65% ) | %
Enterrc < 15% ) | excluding
Acid s~einia ts -35°2) | solvent
Plasticisar 1-30%)
I3 A 0t aran 2iRASA Zharm a1 e St smensiine 10IT0UNG 10 any ane of the Dricecing Slaims

SESCIN T e QS TOPT IHPLOSIT 0 S e T a Rt ot 2351 308 1CIe IRGIRNIent ! mgn $0uBiky:
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at least one core seed: and at least one binding agent.

17. A sustained release pharmaceutical pellet composition according to claim 16 wherein the core
element comprises approximately 0.1 to 95% based on the total weight of the core element of an active
ingredient of high solubility; approximately S to 90% by weight based on th total weight of the care -
element of core seeds: and agproximately 0.1 to 45% by weight bas d on th total weight of the core
element of a binding agent selected from polyvinyl pyrrolidone, hydroxypropy! cellulos , hydroxypropyt’
methylcellulose, methylcelluicse and hydroxyethy! cellulose, sugars and mixtures thereof.

18. A pharmaceutical sustained release product in a unit dosage form including a plurality of pellets,
each pellet having the composition according to any one of the preceding claims.

19. A sustained release pharmaceutical pellet composition according to cialm 16 wherein the core
element has a formulation

Morphine sulphate 10 to 60% by weight

Core seeds 30 to 89.9% by weight
Hydroxypropyl methylcellulose 0.1 to 10% by weight

20. A sustained release pharmaceutical pellet composition according to claim 16. wherein the core
element has a formulation

sorphine sulphate 10 to 60% by weight
Core seeds 30.t0.87.5% by weight
Povidone 2.5 to 10% by weight

21. A methaod for precaring a sustained release pharmaceuticdl pellst composition, which method
comprises providing a core element including at least one active ingredient of high solubillty: and a hybrid

.core coating composition comorising a solution, suspension or dispersion of at least one polymer which is

substantially insoluble indecendent of pH: at least one enteric polymer which is substantially insolubl at
acidic pH but at least pariaily soluble at a less acidic to basic pH: and at least one component which is at
least partially soluble at aciaic pH: mtroducing the core element into a fluidised bed reactor; and spraying
the hybrid core coating comoosition onto the core element.

22. A method according to claim 21, which method further includes the prel‘rnmary step of prov;ding at
lest one active ingredient of high solubility: at least one binding agent; at least one core seed; and coanng '
the core seeds with the active ingredient and binding agent to form a core element.

23. A method according to ctaim 21 which method further inctudes the preliminary steps of providing at -
least one active ingredient of hqgn solubility; at. least one binding agent; and an effective amount of a
solvent, mixing the ingredients. and subjecting the ingredients to an extrusion followed by marumerisation to
form a core element.

24. A methad according to any one of claims 21 to 23 wherein the active ingredient of high solubility is
a morphine compound.

" 25. The use for treating pan-associated conditions in patients requiring such treatment of a sustained
release pharmacseutical peliet composition according to any one of the claims 1 to 20.

26. The use according to ctam 25 wherein ‘he pain assocuatad conditions relate to the treatment of
acute and chronic pain. .

27. The use according to claim 28 wherein the sustamed release pharmaceutical peilet composition is

provided in a unit dosage form and agmirustration occurs at intervais of approximately 8 to 24 hours.

23
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